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PREFACE. 



This Essay on Turbines is reprinted 
from Van Nostrand's Magazine, to which 
it was originally contributed by the 
author. 

It clearly sets forth and corrects an 
important error in former treatises on 
Hydraulic Motors, and explains how the 
best practical results have been obtained 
by modern engineers who have discarded 
the formulas of the old standard works. 

* 

Editor op Magazine. 



TURBINE WHEELS. 



The increasing importance of the Tur- 
bine wheel as a motor, gives especial in- 
terest to everything relating to the 
history of its development ; and although 
the improvements which have been in- 
troduced from time to time have been 
brought about by practical men in the 
first instance, yet the professional engi- 
neer is often called upon to investigate 
the merits of special designs, or to de- 
cide upon the theoretical performance of 
particular wheels. 

To enable him to do so, it is essential 
for this as for all other motors, that the 
scientific principles of construction 
should be determined and introduced 
into text books of instruction for general 
information. We accordingly find full, 
and often tediously minute, mathematical 
investigations following the introduction 



of the Reaction Turbine of Fourneyron, 
in France years ago. 

The improvements in construction and 
design made by our own countrymen, 
Uriah A. Boyden and James B. Francis, 
marked a second period in the useful ap- 
plications of the Turbine, no less im- 
portant and radical in some respects than 
those which characterized the invention 
of Fourneyron. For the services thus 
rendered to industry, the names of Boy- 
den and Francis deserve more universal 
recognition than they have yet received. 
My object is not, however, to assert the 
claims to which they are entitled, but to 
show, that the mathematical investiga- 
tions which have been alluded to as fol- 
lowing the introduction of the Fourney- 
ron wheel and which are still given in 
text-books as the accepted expositions of 
the subject of Turbines, are insufficient 
and inapplicable to the modern construc- 
tions which are founded upon the princi- 
ples introduced by Boyden and Francis. 

In other words, while the Turbine 
wheel has been improved and its effi- 



ciency greatly increased, we look in vain 
for suggestions which might lead to such 
improvements, in the treatises on Tur- 
bines, by Eankine, Weisbach, Bresse and 
others, which have been and are still most 
frequently studied for information on the 
subject. 

Mr. James B. Francis remarks in his 
well known work entitled "Lowell Hy- 
draulic Experiments " that " the turbine 
has been an object of deep interest to 
many learned mathematicians, but up to 
this time the results of their investiga- 
tions, so far as they have been published, 
have afforded but little aid to Hydraulic 
Engineers." 

How far this statement may be literally 
true or not, it is unnecessary to discuss : 
but interpreted as the conclusion of Mr. 
Francis, in regard to the improvements 
which it was his object to describe in the 
Lowell Hydraulic Experiments, the state- 
ment seems undeniable; because it may 
be shown, I think, that if Boyden and 
Francis had followed strictly the rules 
of construction, laid down in the works 
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which have been alluded to, they would 
have failed in their efforts to construct 
Turbines giving any considerable increase 
of efficiency over the old Fourneyron and 
Fontaine or Jonval wheels of European 
design and construction. 

Writers on Turbines had, up to that 
time, insisted upon a mechanical axiom 
or principle of construction which, al- 
though exemplified in the Fourneyron 
Reaction wheel, was directly violated by 
Boyden and Francis in their construc- 
tions. 

Their success was a sufficient demon 
stration of the correctness of their prac- 
tice. Thus while their improvements 
have been universally accepted and fol- 
ed, at least in this country, the student 
and the engineer are continually con- 
fronted with the old mathematical theo- 
ries ; and it is not surprising that others 
besides Francis have been puzzled in 
their efforts to apply old formulas to the 
newer constructions. 

The theorem or axiom insisted upon 
by these writers was that the "water 
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must enter the wheel without shock" 
and hence, the mathematical condition 
that the tangential velocity of the wheel, 
where it receives the water, and the cor- 
responding component of the velocity of 
the entering water must be equal; the 
effect of which is to prevent all impulsive 
effects of the entering water. 

Taking the old Fourneyron wheel as 
an example, the buckets or floats were 
given a radial direction at the point 
where they received the water, and the 
relative velocities were made such by the 
mechanical conditions assumed, that the 
water entered the wheel radially, with a 
tangential component equal to the veloc- 
ity of the bucket at this point. Its effects 
in producing mechanical work were thus 
made to depend solely upon the subse- 
quent deviation which it experienced in 
passing through the wheel. This device 

was to avoid the shock of the entering 
water. 

It is to be noted that both Rankine 

and Weisbach, in. discussing the impulse 

and reaction of jets of water upon mov- 
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ing vanes, make no reservation in regard 
to the shock due to impulse, but demon- 
strate that water may impinge at any 
angle and with any relative velocity 
upon vanes and, by a suitable arrange- 
ment of curvature and velocities, may 
have all the energy destroyed; and a 
perfect efficiency may be obtained. 

It is difficult to understand why in 
their discussions of the Turbine wheel, 
they insist on a different principle, and 
lay down a mechanical axiom at variance 
with these demonstrations. 

The following discussion is intended 
to apply to the constructions introduced 
by Boyden and Francis, but, as will be 
seen in the development, the general 
formulas deduced are applicable to 
nearly all water-wheels, by making 
simple and proper suppositions in re- 
gard to the quantities which enter into 
them. 

The Turbine wheel consists essentially 
of two rims or crowns firmly attached to 
an axis, numerous curved vanes or 
buckets being fixed between the crowns, 
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and the main stream of water which 
passes through the wheel is divided by 
guide blades, not attached to the axis, into 
numerous jets or smaller streams, which 
impinge upon these buckets simultane- 
ously at all points of the circumference, 
and produce motion in the wheel. 

It is sufficient, in discussing the action 
of the water on the wheel, to take one of 
these jets separately with its guide blade 
and bucket, inasmuch as all the jets act 
in the same manner. 

The problem then, is to analyze the 
action of a single jet upon a curved 
bucket, and to find the mechanical work 
performed and the conditions of max- 
imum efficiency. 

To do this, it is proper to enumerate 
the axioms or theorems of the mechanics 
of fluids, which, are applicable to the sub- 
ject, and which require no special proof. 
The proof of these theorems being 
derived from general observation and 
experience. 

These theorems are as follows: 

1st. When a surface moves in a given 
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direction under given pressures, the 
component pressures in all directions, 
except that of the motion, are neutral- 
ized, either by reciprocal actions, or by 
the fixed surfaces which guide the mov- 
ing surface. 

Therefore, in considering mechanical 
work done by given pressures acting 
upon moving surfaces, it is necessary to 
take into account those components only 
of the pressures which act in the direc- 
tion of the motion, friction being neg- 
lected. 

2nd. In whatever direction a surface 
be moving with reference to the earth, if 
a fluid moves along this surface in a 
direction opposite to the motion of the 
surface, and with a relative velocity 
equal to the velocity of the surface with 
reference to the earth, the fluid will be 
at rest with reference to the earth. 

3rd. A fluid stream on striking a smooth 
surface, at any angle whatever, is not re- 
flected like a solid, but flows along the 
surface. If the surface be fixed, and the 
stream be confined in a channel of uni- 
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form dimensions before and after striking 
the surface, the velocity of the stream 
will remain unaltered, friction not being 
considered. 

If the surface be moving, the velocity 
under the same conditions after striking 
the surface will be the relative velocity 
of the surface and fluid before impact. 
If, for instance, a fluid jet impinge per- 
pendicularly upon a plane surface mov- 
ing with any velocity in the same direc- 
tion, the relative velocity will be the dif- 
ference of the two velocities and this 
will be the velocity with which the stream 
will flow along the surface. 

This initial difference of velocities gives 
rise to a pressure due to impulse, the di- 
rection of the pressure being always nor- 
mal to the surface at the point of impact. 

4:th. If the surface be curved, as in the 
following sketch, the same phenomena 
occur except that the relative velocity of 
the particle of the stream is not entirely 
destroyed until it reaches a point at 
which it is moving at right angles to the 
direction of the motion of the surface. 
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For example, if the stream AB impinge 
upon the curved surface represented in 
the sketch, the surface moving in the di- 
rection FM, the difference of velocities 
of the surface and any particle will be 
wholly destroyed when the particle 
reaches the point F, the whole effect up 
to this point is one of impulse and is the 
same as if the stream impinged directly 
upon the surface at F and was deviated 
instantaneously at right angles to the 
motion FM. 
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5th. After the particle passes the point 
F it flows along the curved surface with- 
out any further change of relative 
velocity ; a change of curvature, having 
no effect to change the velocity of flow 
relatively to the surface. 

A change of curvature, however, causes 
a change of direction of the motion of 
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the fluid with reference to the motion of 
the surface and the reaction of the fluid 
or resistance which it offers to this 
change, produces a pressure, the pressure 
due to reaction. 

If a fluid vein, having a fixed direction 
and velocity with reference to the earth, 
impinge upon a surface which also has 
a motion with reference to the earth, 
the energy imparted to the surface may 
thus be separated into two parts: that 
due to the impulse and that due to reac- 
tion. The effect of impulse may be r ep- 
resented by the expression M. x . w., in 
which M is the mass of fluid striking the 
surface in one second, x the relative 
velocity in the direction of the motion of 
the surface, i.e., the difference between 
the velocity of the surface and the com- 
ponent of the velocity of the fluid in the 
same direction. 

The second effect, due to reaction, re- 
sults from the deviations which the par- 
ticles of the fluid vein undergo while in 
contact with the surface, after they have 
attained the velocity of the surface. 
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This effect is measured by an expression 
precisely similar to the first, viz., Mx^u, 
in which M is the mass, as before, x x 
the relative velocity imparted to the fluid 
in a direction opposite to the motion, and 
u the velocity of the surface. The total 
effect being 

W=M(xu + x 1 u) 

This being the energy in foot-pounds 
imparted to the surface. 

If all the energy of the vein is de- 
stroyed so that it comes to rest with 
reference to the earth, it is evident that 
x x must then be equal in amount, and 
directly opposite to u, and the efficiency 
of such an arrangement will be unity; 
that is, all the energy of the fluid stream 
will be transferred to the surface, and we 
shall have 

W=M (xu+x l u)= — , - 

E=l 

Vj being the velocity of the fluid with 
reference to the earth before striking the 
surface. 
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If there is no effect from impulse, the 
relative velocity of the particles of the 
fluid vein and the surface in the direction 
of the motion of the surface must be 
zero — or x=o. 

The whole effect produced must then 
be from reaction, and it is evident that 
for an absolute maximum of effect, 
Mx g u must be equal to 

-^ or x x u=z-^. 

If the surface be a plane surface, so 
that there is no deviation of the vein 
after it strikes the surface, the whole 
effect will be due to impulse, and 
W = M . x . u, will be the total work 
performed, or the total energy imparted 
to the surface. 

These three general cases, 

*W=M.(ux + x x u) . impulse and reaction, 
W=Msb 1 w . . . reaction, 
W=M»w . . . impulse, 

explain the whole theory of the action of 
a stream of water, or of multiple streams 
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in producing motion in water-wheels; 
not including, however, those cases in 
which water acts by its weight. In 
these cases, the first expression may be 
applied by substituting for the expres- 
sion representing reaction, M x x u, a 
form of expression representing the 
action of weight falling through a given 
distance, and the expression 

W=M.{xu+Wh) 

will be the general expression for the 
energy of Overshot and Breast wheels, 
W being the weight of water entering 
the wheel in one second, M.xu being the 
work of impulse of the water entering 
the buckets and h the height of fall. 

Nearly all modern turbine wheels are 
constructed after one of three types, or 
of some combination of these types. 
They are illustrated in the following 
sketches, and usually receive the desig- 
nations of 

Outward flow wheels, 

Inward flow wheels, or center vent wheels. 

Parallel flow wheels. 
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In the outward flow wheel of which 
the Fourneyron reaction wheel is the 
earliest type, the water flows usually 
downward through a tube or conduit, 
and is diverted by fixed guide blades in 
an outward direction, or from the axis of 
motion; the form of the fixed guides 
giving the water a tangential whirl as it 
enters the wheel. 

In the inward flow, the water flows 
first in the direction of the axis, usually 
downward, and is then diverted by fixed 
guide blades inwardly, or toward the axis 
of motion, the same fixed guides giving 
the water, as before, a tangential whirl 
as it enters the wheel. 

In the parallel flow wheel, the water 
moves parallel to the axis of motion, be- 
fore and after it passes through the 
wheel; the fixed guide blades, as be- 
fore, giving the water a tangential whirl. 

The principle types of some of the best 
wheels in use are represented in the fore- 
going cuts. 



34 



The position of the buckets, the direc- 
tion of the water entering the wheels and 
the relative values of r and r\ the outer 
and inner radii of the wheels, may be seen 
more clearly by reference to the diagram 
given opposite. 

To investigate the problems connected 
with these wheels more minutely: — 

Suppose a jet or stream, having a given 
direction and velocity with reference to 
the earth, to strike a surface, a vane or 
" float," all points of which have a motion 
with a given direction and velocity with 
reference to the earth ; the component of 
the velocity of the jet in the direction of 
the motion of the surface may be easily 
found by the theorem of the parallelogram 
of velocities. 

Let ABC (Fig. 1) be the direction, and 
BC=v, the velocity of a jet of water 
striking the surface BE, which has- a 
velocity BD=w. 

Let the angle DBC=<z be the angle 
made by the direction of the jet with the 
direction of the motion of the surface. 
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Then v x cos. a will be the component 
of the velocity of the stream in the direc- 
tion BD of the motion of the surface; 
DM=a? will be the difference of velocity . 
in the direction of the motion of the jet 
and surface and DC the total relative 
velocity of the jet and surface, in magni- 
tude and direction. 

If we draw a tangent to the surface at 
B and draw the line DG, parallel to this 
tangent, making DG equal to DC, CG 
will be the instantaneous deviation due 
to the impact. 

When the jet reaches the point F of 
the surface, a point at which its direction 
is perpendicular to the motion of the sur- 
face, if we draw the line DG' parallel to 
the tangent at F or perpendicular to the 
motion of the surface, the total deviation 
of the jet will be CG' and its projection 
on BDM, or its component in the direc- 
tion of the motion BD, will be 

X=(v l cos. a—u) 

The relative velocity x 1 of the jet in 
the direction of the motion is not entirely 
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destroyed until it reaches the point F at 
which its direction is perpendicular to 
the direction of the surface BD, and 
hence we may call the total effect up to 
this point the impulse of the fluid. 

If M be the mass of fluid which passes 
in a unit of time, the momentum of the 
fluid with reference to the direction of 
motion of the surface will be 

, Ma;=M(r; 1 cos, a—u) and 

the mechanical work performed by this 
momentum will be 

Macu 

After the jet passes the point F, the 
only pressure that it can exert on the 
surface will be due to a change of direc- 
tion or deviation, the reaction being the 
pressure exerted. 

If the fluid passes off the surface at £, 
in the direction of the tangent, at £ the 
amount of the additional deviation may 
be found by drawing EI in the direction 
of the tangent, and EH in the direction 
of the jet at F, making EH=EI=DC. 

Then HI will be direction, and will 
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represent the pressure of the jet due to 
reaction, and the projection of this line 
on the direction of motion, JE, will be 
the component of this pressure in the 
direction of the motion. 

Representing by y the angle of de- 
parture, made by the tangent IE with 
the direction of motion, this component 
will be 

IE cos. y 

or calling IE=DC the relative velocity, 
v r this component will be 

v r cos. y, 

and the mechanical work performed per 
second will be the component pressure 
MV r cos. y multiplied by U, the velocity 
of the surface, or 



Mv r cos. y u. 

The total work performed by the jet 
upon the surface due to impulse and 
reaction, will be 



W=M(sen + v r cos. y u) 
the sum of the two effects. 
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If y~o, the work of reaction will be 
M v r w, and the total work 

W=M(zu + v r u). 

Since v r is a function of u, we may 
find under what circumstances this work 
will be a maximum. 

The problem resolves itself into this : 
in the known triangles BCD, and BGM 
required to find the position of the line 
DC such that W=u(x + v r ) shall be a 
maximum. 

By applying the methods of Calculus it 
will be found that the expression will be 
a maximum when u=v r 

That is for a maximum, 

Let BM=c CM=ft 

then 

c »_&» c « + y 



05= — ft - — V r =W= 



and 



2c r 2c 



XU+Or u=xu + ir=-£- 



The same may be demonstrated by ge- 
ometry. "When y=o and v r =w the fluid 
in leaving the vane or surface has a mo- 
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tion in a direction opposite to that of the 

vane and with a relative velocity equal to 

that of the vane ; hence it will be at rest 

with reference to the earth : and all its 

energy will have been imparted to the 

vane. 

Since v l is the original velocity of the 

fluid with reference to the earth, its 

v* 
energy is M-^ ; but we have under the 

conditions of the maximum just found 

(W)=M(jw/ + w J ) =M^±- 

max. ■« 

or the maximum work is the whole 
energy of the fluid, and the efficiency 

2 

If the angle y is not zero, then the 
work performed cannot be an absolute 
maximum, or the efficiency cannot be 
unity, because the fluid will not leave the 
vane with a direction and velocity equal 
and opposite to the direction and velocity 
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of the Tone. In other words, the fluid 
will, after leaving the vane have a motion 
with reference to the earth, the energy 
due to which will be lost. 

The value of this lost work is easily 
found. In practice the angle y is always 
very small 

If a parallelogram (Fig. 3) be drawn, 
having for sides, the relative velocity 
EI=t? r and ET=w the diagonal EB for 
very small angles will be practically 
v r sin. y which will be the velocity of the 
stream after it leaves the vane at E. 
The energy due to this velocity will be 

— — — — and the general value of the 

work will be 

and the efficiency 

E - m? 
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or 

v* 
Assuming now that the velocity u was 
that which gave the absolute maximum 

v 

when y—o or u=v r = -* — l — (seeFig.2) 
' 2 cos. a 

we have by substituting this value of v r 

in the expression for the efficiency 

COS. a 

From this it is apparent that the efficien- 
cy is increased by making a and y small. 

If a=o then the stream impinges at 
right angles to the vane or in the direc- 
tion of its motion, in which case aj=v l — u 

v 
and w=- ! for the maximum efficiency, 

and the expressions for the efficiency 
become for y=o 

E=I 

and for y a small angle 

E=I-£ sin.V 

Variations from maximum work for 
variations of u. 
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If we describe a circle (Fig. 4) on 
BM=v,cos. a and lay off x and u in such 
a way that OC=tv =w, we see that the 
two terms of the expression xu+v r u 
will vary as the squares of the ordinates 
(of the circles) 00' and OR respectively, 
and the positions of these ordinates are 
such that the variations of their squares, 
i. e., 00'*=xu and OR*=t? r u will be a 
minimum, or in other words, small varia- 
tions of u from the value giving the 
absolute maximum, may occur without 
affecting greatly, the value of the work. 

Variations from maximum efficiency 
for variations of the angles a and y. 

In the expression for the efficiency 

COS. % a 

found on the supposition that y is small. 
If a is also small, the efficiency is not 
greatly affected by very small changes in 
these angles. 

a being a fixed angle by the conditions 
of the problem; if y be variable within 
small limits, the variations will not affect 
greatly, the work performed. 



E=1_J™£ 
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Method of finding the work performed 
and the conditions of absolute maximum 
when the vane or surface revolves around 
a fixed axis. 

Let ABC (Fig. 5) be the direction of 
the jet with reference to the earth; BD 
=u the velocity of the point B at which 
the tangent to the vane coincides with 
the radius OB of the circle, around 
whose center the motion takes place: 
EJ the direction perpendicular to the 
radius OE, at the point at which the jet 
leaves the surface or vane, sc,w,v r , a and y 
designating the same quantities as before 
and v! the velocity of the vane at E. 

Then, according to the conditions of 
maximum effect, the jet should leave the 
van at E, in a direction opposite to u', 
the direction and velocity of the point of 
departure E, around the center, and with 
a velocity relatively to the vane (— u f ). 

If BC=Vj is the original velocity of 
the jet with reference to the earth, then 
the absolute maximum work will be 
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Since the velocity of the vane at B s 
u=ar, and the velocity at E is u'=ar r i a 
being the angular velocity of the motion ; 
and, since for the absolute maximum 
work, v r =DC must be equal to w'; in 
the triangle BMC, the distance BD=w 
and DC=tv =«' must be to each other 
as r to r'; r being the radius OB and r' 
the radius OE. 

The work of impulse will be, as before, 
Mzu, since the relative velocity in the 
direction of the motion (i. e., perpendicu- 
lar to the radius) is all destroyed at B. 

The work of reaction of the jet in mov- 
ing from B to E and passing off at E in 
a direction opposite to u\ will be M.v r u'; 
u" being a velocity of motion due to a 
length of radius between r and r\ and 
the total work, supposing at first, y=o 

will be 

W=M{xu + v r u'). 

For the absolute maximum or 

W=M^ 
and E=l we must have from the me- 
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chanical conditions v r = u f and this 
expression becomes 

W=M(«« + wV)=M ^-. 

The value of u'u* which gives the max- 
imum may be found from the following 
considerations. If the vane had a velo- 
city at all points equal to w, then this 
term u'u" would be u 9 as in the case first 
discussed, and if its velocity at all points 
was w', this term would be w". The true 
value when the vane revolves around an 
axis O, will be a mean between u % and u'* 9 

or a and 



max. V * / 



2 



and 



. 2 

Another method of proof is as follows : 
In the triangle BMC. 

or {z + uY + u'*— x*=v* 
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developing and cancelling 
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r'* + r* 
Hence u"=u.'a.- 



2r' 



r" + r* . 



and —0—7— is the radius or lever arm at 
At 

which the velocity is u*. 
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The value of u which gives this maxi- 
mum will be 

r 

The formula for the absolute maximum 
work then becomes 

max. \ A ) I 

and the efficiency 

E=l 

This formula may, from what precedes 
be put under the form 

In Fig. (5) when the center of motion 
is O, the stream flows outwardly from 
the center and r' is greater than r. 

If the center of motion were at O', the 
stream would flow inwardly, or towards 
the center, and r would be greater than 
r\ 

If r=r', then u=u' and the formula 
becomes 

max. \ / " 

as before found. 
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If the angle y is not zero; but the 
relative velocities such as would other- 
wise give the absolute maximum of work, 
the real work performed and the effi 
ciency may be found as in the first case. 

The lost work will be, as before 
M r 9 * ^ and the total work 

w m/ . «* + ti' f V r 9 sin.V\ 
and for the efficiency 

The relation between v r and v, may be 
found from the triangle BMC, Fig. 6. 

If the angle CDM be designated by d, 

then 

v l aw.a=v r sin. 6 

, v r sin. a 

and — =-: — ^ 

v, sm. o 
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then E=l — — , ~ sin. z v 

sin. o / 

From this expression it appears as before 
that the efficiency is increased by making 
a and y small. 

Variations of work for small variations 
of u and v r . 

It is evident from the conditions of 
this problem that a variation of the 
angular velocity of motion, will cause 
simultaneous and proportional changes 
in the velocities u and u 9 and in the ex 
pression for work 

W=M(xu + v r u) . . . (y=o) 

The work will vary as the sum of the 
squares of the ordinates DO and DO' (or 
as DO* + DO' a ) of the same circles de- 
scribed on the diameters x+uor BM and 
v r + u"i u" being a quantity whose value 
-lies between u and v r . 

The squares of these ordinates will 
vary very slowly near the values, which 
make the work an absolute maximum, 
since the ordinates in this case lie near 
the centers of the semicircles. 
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The expression 

w tut/ w , + w /, \ 

max. =M( »W + g - / 



or 



W ^. = m {"" + t( 1+ £) f 

is applicable to the three principle types 
of turbine wheels, by giving to r and r' 
their proper relative values. 

For outward flow wheels r<r' 
For inward flow wheels r>r' 
For parallel flow wheels r--r' 

The diagram (Fig. 8) shows that since 
the ratio of r to r' is the same as that of 
u to u\ that for the same angle a, the 
velocity of maximum efficiency (BD'=w) 
will be greater for the inward flow than 
for the outward flow (BD=w) and that 
for each type of wheel with the same 
angle of incidence, the velocity of maxi- 
mum efficiency will have a particular 
value, viz: for parallel flow u will equal 

v r the relative velocity, ( =-^ — l J for 

J ' \ 2 cos. a / 

outward flow wheels, u will be less than 
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v r and for inward flow, u will be greater 
than v r 

We have now to discuss particular 
cases of the general expression for work 

W=M.(xu+v r u ff ) 

as applied to different classes or types of 
water-wheels. Supposing in all cases 
y=o. 

IMPACT WHEELS. 

This class includes all water-wheels in 
which the fluid stream acts by impulse, 
the blades or floats being plane and no 
reaction taking place from the curvature 
of the blades after impact. 

The axes of such wheels may be verti- 
cal, with a single stream or several 
streams impinging upon plane floats ; or 
the axis may be horizontal as in the case 
of the old undershot wheel. 

To apply the formula to this class, it is 
only necessary to make the second term 
zero. The formula will then become 
W=Mjzu, and since x=v l cos. a — u 

W=M(v l cos. a— u)u. 

This expression is a maximum when 
a r cos. a— u=u or 



U: 
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V, COS. a 



2 

This is the velocity of greatest efficien- 
cy, and the efficiency is in all cases 

v 2 cos. 2 a 
W^ _ Mm 2 _M- j 

E ~ MV - MV ~ --* 

2 2 M-^- 

^, COS. 2 a 

If a is zero, then w=— ^- is the velocity 

of greatest efficiency, and E=£. The 
usual efficiency of these wheels in prac- 
tice, is only about J. 

REACTION WHEELS. 

A reaction wheel is one in which there 
is no effect from impulse; or in the gen 
eral expression 

W=M(scw + ty w') 

it is necessary to make x—o. The ex- 
pression then becomes 

W=Mr r u" 
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In these wheels, the deviation of the 
stream caused by the curvature of the 
blades is the cause of the energy exerted 
and several distinct cases may arise. 

First, suppose the stream to flow in a 
direction parallel to the axis of revolution 
as in the Jonval Wheel ; that is, suppose 
it to be a parallel flow reaction wheel. 
Then since x=o (Fig. 9) u=v t cos. a and 
the expression becomes 

W=Mi? r v x cos. a 

But the same construction shows that 
v r =MC= « ,sin.a and the value of W be- 
comes 

W=M.v 1 * sin. a cos. & 

For this expression there is no absolute 
maximum except in one particular case, 
£.6., for a=45° in which case ^sin.a 
=v t cos. & and v* sin. clcob.&=v 1 s sin. 8 a 

=\andW=M^ r 

E=l 

It follows from this that if in the 
parallel flow wheel, the principle is in- 
sisted on that the water must enter with- 
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out shock, or in the language of Bresse, 
if "it is necessary that at the point B, 
(Fig. 8) the water shall be directed tang- 
entially to the floats" the latter being 
radial at the point of entrance of the 
water, the wheel becomes simply a reac- 
tion wheel and there is no theoretical 
absolute maximum except for the particu- 
lar angle d=45°. 

Bresse, in discussing the problem for 
the Fourneyron and parallel flow tur- 
bines, deduces nine equations involving 
sixteen unknown quantities, which involve 
the necessary conditions of a perfect 
wheel. A discussion applicable only 
upon the particular conditions which he 
presents, but not applicable to American 
Turbine wheels as now constructed and 
employed. Nevertheless his discussions 
which have been translated for use in this 
country are entitled Turbine Wheels, and 
there is no indication given that they are 
not applicable to all Turbines. 

Second. — If under the supposition that 
there is no impulsive action of the water, 
we suppose the stream to flow outwardly 
from the axis. The work performed will 
be as before for x=o 
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W=My r it" 
or putting for v r u" in the general case 

Iwe have 



tM' 



W=M 



u '2 I r2 



(•+£•> 



This applies to the case where the water 
enters tangentially to the floats, which 
are radial in direction as at B Fig. 7 or 8, 
and for which the value of u-=v l cos. a. 

The condition is thus fulfilled as ex- 
pressed by Rmkine, that "the whirling 
velocity of the water, when it enters the 
wheel, must be equal to the tangential 
velocity of the wheel," a condition appli 
cable, according to this author, to all 
turbines. 

But in this case it is evident from the 
expression 

that there is no theoretical maximum and 
the wheel becomes simply a reaction 
wheel. For an absolute maximum or an 
efficiency equal to unity, we must have 
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tit nT U ' 2 f*i r *\ ™ v 



1 

2 



which can only be the case when r=r' 

v * 
and w' 8 = -^- which takes us back to the 

particular case of the parallel flow wheel, 
with an angle a =45°. 

In the outward and inward flow re- 
action wheels, i.e., those wheels in which 
the buckets are radial at the point of 
entrance of the water, and in which the 
velocity of the wheel at this point is the 
same as the component velocity of the 
water in the same direction, there is no 
work of impulse, and the wheels become 
reaction wheels, for which the efficiency 
cannot be unity, but there will always be 

r 

a loss of energy due to the ratio — • 

T 

Application of the general formula for 

work 

W=M(a?w + v r w") 

to the wheel known as Barker's Mill. 

In this wheel the water descends in a 
column H, Fig. 10, which is at the same 
time the axis of motion, and flows out- 
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wardly to the ends of two tubular arms 
where it issues from two orifices on op- 
posite sides of the arms. 

As the water enters the arms without 
impulse, the term "Mxu in this formula 
will be zero and the expression for work 

will be 

W=M?; r u" 

u" will be the circular velocity of the end 
of the arm at the point where the water 
issues, v r , being the relative velocity of 
the arm and fluid at the same point, may 
be found thus. In the plan of the wheel, 
Fig. 11, let v j be the velocity due to the 
head. A particle at the end of the arm 
is subjected to two velocities, one v x due 
to the head and another u" due to the 
rotation of the arm. Its actual velocity 
with reference to the earth, will be rep- 
resented by the diagonal of the rectangu- 
lar parallelogram constructed on these 
two lines, and will be expressed analyti- 
cally by 



Vv\ + 



u 



"2 



This will be the velocity with reference 
to the earth, with which the jet will issue 



% 
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from the arm in a direction opposite to 
its motion ; but the arm has a velocity 
u"=ar (a being the angular velocity and 
r the radius of the arm) and the relative 
velocity with reference to the arm will be 

and the work performed will be found 
by multiplying this by u 9 and by M, the 
mass of water which issues in a unit of 
time or 



W=Ma r t*"=Mw"(VV+tt" f -w") 

an expression which has no maximum. 

In the foregoing discussion, no account 
has been taken of the resistances which 
arise from friction, or loss of energy from 
contractions, bends and other causes 
which influence the flow through narrow 
passages, like the spaces between the 
guide blades and the wheel buckets or 
floats. These influences will, of course, 
affect the efficiency of all wheels, and also 
the velocity of maximum efficiency and, 
of course, in no actual case can an effi- 
ciency of unity be attained. The general 
theory is not, however, altered on this 
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account ; and inasmuch as it is impossible 
to separate the influences referred to 
from each other, or to ascertain the 
valites of co-efficients which might be ap- 
plied, the only means of ascertaining how 
near the performance of any wheel ap- 
proaches the maximum efficiency is by a 
practical test. 

From Francis' experiments it appears 
that the velocity of maximum efficiency 
is somewhat greater than that which 
would be given by theory when friction 
is not considered. 

It has been shown that a considerable 
change in velocity of a wheel when it 
runs at a speed giving its maximum effi- 
ciency, influences but little, the work per- 
formed. 

A change in velocity in the Tremont 
turbine from .48 to .68 of the velocity 
due to the fall, affected the efficiency by 
only two per cent., and Francis recom- 
mends a velocity of .56 of the velocity 
due to the fall, as the best in practice, 
which is in excess of the theoretical ve- 
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locity of greatest efficiency, when friction 
is not considered. 

The following diagram of the Tremont 
turbine and Francis' center-vent, or in- 
ward flow turbine, exhibit the particulars 
of these wheels : 1st, in the small ratio 

T 

-. of the outer and inner radii and the 
r 

small angles of incidence and departure 
of the water ; and when the velocity of 
the wheels which give the maximum effi- 
ciency is considered, it appears that the 
velocities of the wheels, at the point 
where they receive the entering water, is 
much less than the tangential component 
of the entering water, thus causing a 
large part of the work to be done by 
impulse. 

An unnecessary importance seems to 
have been attached to the idea that a 
stream of water, to produce its best ef- 
fect upon a vane, or float, must glide upon 
the latter in a tangential direction. The 
following simple experiment may be made 
by any one who wishes to be convinced 
of this. 
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Place a goblet under an ordinary goose 
neck spout, from which a clear and trans- 
parent stream issues, impinging on the 
bottom of the goblet. If the velocity of 
the stream is sufficient, the water will 
rise up and flow over the edge of the 
goblet at all points in a clear, unbroken 
sheet, the liquid threads being continu- 
ous and unbroken, and the whole remain- 
ing as transparent as the glass itself. A 
more satisfactory experiment may, per- 
haps, be made by inverting the goblet 
and allowing the stream to enter from 
below; more satisfactory, because con- 
siderable head is required in the first 
case. This experiment shows that the 
disturbances in the stream, from impact, 
which have been considered of so much 
importance, do not exist in this, the most 
unfavorable case, where the impact is 
normal. 

The Poncelet wheel, a vertical water 
wheel, the construction of which is famil- 
iar to all engineers and students, is one 
in which a principal virtue is supposed to 
exist in a curved form of the buckets — 



79 

such that the water enters the wheel 
"without shock." 

Weisbach states that "to obtain as 
great an effect as possible with one of 
Ponoelet's wheels, it is necessary that the 
water should enter the wheel without 
shock." And it has been considered that 
one object of the peculiar construction 
and arrangement of Poncelet was to at- 
tain this particular end; whereas a little 
consideration shows that the curvature 
of the blade and the peculiarities of con- 
struction were designed for quite another 
purpose. 

In fact, the analysis would be quite as 
complete for this wheel as far as impulse 
is concerned, if the water impinged di- 
rectly upon a plane float. 

It is only to obtain the effect of reac- 
tion by the returning water that the 
curvature is necessary. 

In order to find the actual value of the 
efficiency as deduced from the formula 

_ ., sin. 8 A . 
E=l — r-r.sin^v 

we have only to substitute values for a, 
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6 and y. Taking, for example, a =22°, 
^=11° and £=46° the values employed 
in the Tremont Turbine, substituting and 
solving we have 

E=.9902 

For Francis* Center Vent Wheel a=9°30' 

y=10° and tf=28° which give for the 

efficiency 

E=.9962 

These results show a theoretical effi- 
ciency practically equal to unity, when 
friction and other disturbing resistances 
are not considered. The angles of inci- 
dence and departure being so small as to 
have but a slight influence in lessening 
the efficiency when the proper theoretical 
velocity is given to the wheels. 

The angles of incidence of the Swain 
wheel are about 12° only, and the angle 
of departure of the inward flow wheels 
now made is not much greater. It is not 
surprising, therefore, that a common 
working efficiency of 84 per cent, should 
be attained. 

The efficiency of an impulse and reac- 
tion turbine, properly consructed and 
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run with the proper velocity, being thus 
practically unity, or 99 per cent., when 
loss of energy from friction, and other 
causes of loss of energy of a similar char- 
acter, are not considered, the greatest 
possible efficiency in practice may be 
found roughly as follows : 

Estimating the co-efficient of velocity 

of discharge from the guide blades at ,97 

the loss of energy due to this loss of 

M.v 2 
velocity will be, [OA) 2 — 1] — ^ — equal 

M.v 2 
06— —- ; and supposing the friction in the 

A 

wheel to consume the same amount of 

energy, the total loss will be ,12— ~. 

A 

If we suppose the friction of the pivots 

on which the wheel runs, and the collars 

of the axis to be in the most favorable 

M.v 2 Mv 2 

case ,03 — ^— we have a total of ,15—^ 
A A 

which with the loss of .01 due to the 

obliquity of the angles a and r will give 

a total of 16 per cent, of the energy due 

to the fall, leaving a practical efficiency of 
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84 per cent, which is the efficiency foun 
by Francis for an ordinary Swain wheeL 

EULE8 FOB DESIGNING WHEELS. 

Let D be the diameter of the wheeL 

Let a be the angle of incidence of the 
water with the tangent to the cir- 
cumference. 

Let H be the depth between the 
crowns at the first circumference 
or point of entrance. 

a co-efficient of discharge. 

A the area of section of entrance of 
water in the direction of the radius, 
then the volume of flow will be 

V= 7tD . H . v x sin. a . C. 

Assuming a diameter D. a co-efficient 
of discharge C and an angle of incidence 
a the depth H will be 

V 



H= 



C. 7t D, v m sin. a 



By experiments on the Tremont tur 
bine in which D=8.25308 feet=sum of 
the widths of the orifices of discharge 
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across the guide blades, and for the 
heights of the orifices of discharge H, 
or depth of wheel =.9314 feet. Francis 
found C=.624. 

Hence his general rule, making H'=-jV 
of the outer diameter D', 

V=H'. D'. 0^=0.10 T>'*e^tyhl 

=0.5 T>'W\ 

In which H, is the depth of the wheel 
at the outer extremities of the buckets 
andH'^D'. 

The simplicity of Francis' formula for 

the flow 

V=0.6D-» A /A i 

is one of the results of his valuable ex- 
periments, giving by a very simple calcu- 
lation the necessary diameter of an out- 
ward flow turbine for a given head h x and 
a given volume of flow V. For a given 
horse power, HP in foot pounds per 
second, with an efficiency of 75, 

0.75x62.33 



HP= „.__ xVA 

and since V=0.5 D' 2 ^h 



84 



D'=4.85l/_Ji_ 

Formulas which are applicable to out- 
ward flow wheels, within the limits as- 
signed by Francis. 

To make the formula more general, we 

have 

V=.62 D.H. 7t.v l sin. a 

=f.T> 2 y, sin. a n. ,62 

f being ratio of D to H. 

Supposing V to be the actual volume 
of flow per second, and the wheel to 
utilize .75$ of the fall h, multiplied by 
the weight, then we have the horse-power 
per second, 

rp= 0.75^(62 .43) yv (g> 

and substituting for V its value 

V=/!D 2 .^ sin. a .62 n 

=f.I> 2 .v 1 sin. a 1.95 
we have 

-- / 0.75x62.43 . oe \ _ t . . 
SP=[ - 55Q xl.95j/!D«.v 1 sin.aA 1 

or 
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™ /0.75X 62.43 Xl.956\ 

HP= l ' 550 )_ 

/D 2 . \Zlgh x sin. a h x 

_- / 0.75 X 62.43 X 1.956 X 8 .03 \ 
HP -V 550 I 

/.D. g sin. ah x Vh l 

HP = 1.33/.D S . sin. a h x Vh~ 



D=/ 



HP 

1.33/. sin. ah x ^/h x {)) 

f being the ratio of diameter to depth, H. 

Having found the diameter D (the 
diameter of that circumference on which 
the water first impinges) whether for 
outward or inward flow, the second 
diameter may be found from the relation 
of the radii shown in the diagrams which 
have been given. 

The depth H=/.D. of the wheel should 
be somewhat greater at the discharging 
diameter D', in order to make allowance 
for the greater space occupied on the 
circumference by the oblique positions of 
the extremities of the buckets. 

The angular velocity of the wheel be- 
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ing 2jtN in which N is the number of 

revolutions per second. The tangential 
velocity will be 

w=2firNt> 

For parallel flow wheels 

V-^CA-Vj sin. a 
=C.7t(r 2 — r 2 ) sin.a 

C being a co-efficient of discharge and A 

the area of the annular space through 

which the water flows, equal to 7r(r' 2 -r 2 ). 

If D be the mean diameter and f the 

r f — v 
ratio of D to (/•'— r) or /==-—— then the 

formula (b) will apply to parallel flow 
wheels. 

FOKM OF BLADES. 

For the three typical wheels, the <wrt- 
ward flow, the inward flow, and thenar- 
allel flow, the path of a particle of 
water continues in one plane. In the 
outward and inward flow wheels, the 
planes of motion of the particles are per- 
pendicular to the axis. In the parallel 
flow, the planes of the paths are parallel 
to the axis. 
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THhv lips of the buckets at the points of 
entrance to the wheel are generally 
straight edges, and for these three wheels 
are either perpendicular or parallel to the 
axis of motion. 

The discharging edges are lines paral- 
lel to the receiving edges and the buckets 
at the discharging edges have a constant 
angle y, along the edge, with the circum. 
ference. 

In the outward and inward flow wheels 
the edges are elements of the cylindrical 
surfaces of the outer and inner circum- 
ferences of the wheel, and in the parallel 
flow, the receiving and discharging edge 
of the buckets are radial. 

Combinations of these simple wheels, 
however, present different conditions ; 
the inward and downward flow wheels 
represented by the Swain and Risdon, 
for example, and the outward and down- 
ward flow represented by the Excelsior 
wheel. 

The general principles to be kept in 
view for all buckets, are that the chan- 
nels between the buckets shall not have 
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abrupt changes in direction; that they 
shall be as short as possible; that the 
curvature of the buckets shall be contin- 
uous ; that the discharging edges of the 
buckets shall have a uniform discharging 
angle, and that the cross-section of the 
channels between the buckets shall be 
uniform throughout. It is especially 
important that the water should leave the 
guide blades and enter the wheel in clear, 
transparent streams, without contraction 
in order that that these streams may con- 
tinue unbroken through the wheel to the 
point of discharge. 
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plied to Paddle and Screw Propulsion. 
Consisting of 36 Colored Plates, 259 Practi- 
cal Wood-cut Illustrations, and 403 pages of 
Descripti ve Matter, the whole being an ex- 
position ol the present practice oi the fol- 
lowing firms: Messrs J. Penn & Sons; 
Messrs. Mauds lay, Sons & Field; Messrs. 
James Watt & Co. ; Messrs. J. & G. Reu- 
nia. Messrs. R. Napier &8on«: Messrs J. 
& W. Dudgeon: Messrs. Ravenhul & 
Hodgson- Messrs Humphreys & Tenant;; 
Mr J.T.Spencer, and Messrs. Forrester 
& Co. By N P. Burgh. Engineer. One 
thick 4to vol., cloth. $25 00; half morocco, 80 00 

BACON. A Treatise on Til k Ru h ard'sSteam- 
Engine Indicator — with directions for » 
its use. By Charles T. Porter. Revised, 
with notes and large additions as devel- 
oped by American Practice; with anAp 
pendix containing useful formulae and 
rules for Kugineers. By F. W. Bacon, M 
E. Illustrated Second edition. 12ino 
Cloth $1.00; morocco, 189 

ISHERW00D Engineering Precedents for 
Steam Machinery. By B. F. Isherwood, 
Chief Engineer, U. S. Navy. With illus- 
trations. Two vols, in one. 8vo, cloth, 8 90 

STILLMAN. The Steam Engine Indicator 
—and the Improved Manometer Steam 
and Vacuum Uangea— their utility and ap- 
plication. ByPaulStillman. New edition. 
12mo, cloth, 1 00 
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.MacCORD. A Practical Treatise on the 
Slide Valve, by Eccentrics— examining 
by methods tbe action of the Eccentric 
upon the Slide Valve, and explaining the 
practical processes of laying out the move- 
ments, adapting the valve for its various 
duties in the steam-engine. By C. W. Mac 
Cord, A. M., Professor of Mechanical 
Drawing, Stevens* Tustitute of Technol- 
ogy, Hoboken, N. J. Illustrated. 4to, 
cloth $3 00 

PORTER. A Treatise on the Richards' 
Steam-Eng i ne Indicator, and the Devel- 
opment, and Application of Force iu the 
Steam-Engine. By Charles T. Porter. 
Third edition, revised and enlarged. Il- 
lustrated. 8vo, cloth, . . 8 50 

McCULLOCH A Treatise on the W^^iani- 
cal Theory of Heat, and its applica- 
tions to the Steam-Engine. By Prof. 
R. S. McCulloch, of the Washington and 
Lee University, Lexington, Va. 8vo, 
cloth, ..... 8 50 

VAN BUREN. Investigations of Formu- 
las— for the Strength of the Iron parts of 
Steam Machinery. By J. D. Van Buren, 
Jr.. C. E. Illustrated. 8vo, cloth, 2 00 

STUART. How to Become a Successful En- 
gineer. Being Hints to Youths intending 
to adopt the Profession. By Bernard 
Stuart, Engineer Sixth edition 18mo, 
boards, - 50 

SHIELDS. A Treatise on Engineering Con- 
struction. Embracing Discussions of 
the Principles involved, and Descriptions 
of the Material employed in Tunneling, 
Bridging, Canal and Road Building, etc. , 
etc. By J. E. Shields, C. E. 12mo. 
cloth, 1 ao 
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WEYRAUCH. Strength and Calculation of 
Dimensions op Iron and Steel Con- 
structions. Translated from the German 
of J. J. Weyrauch, Ph. D., with four fold- 
ing Plates. 12mo, cloth, . . . $1 00 

STUART. The Naval Dry Docks op the 
United States. By Charles B. Stuart, 
Engineer in Chief, U. S. Navy. Twenty- 
four engravings on steel. Fourth edition. 
4to, cloth, . . . . 6 00 

COLLINS. The Private Book of Useful Al- 
loys, and Memoranda for Goldsmiths, 
Jewellers, etc. By James E. Collins. 
18mo, flexible cloth, 50 

TUNNER. A Treatise on Roll-Turning for 
the Manufacture of Iron. By Peter Tun- 
ner Translated by John B. Pearse. 
With numerous wood-cuts, 8vo, and a 
folio Atlas of 10 lithographed plates of 
Rolls, Measurements, &c. Cloth, . . 10 00 

GRUNER. The Manufacture of Steel. By 
M. L. G rimer. Translated from the 
French, by Lenox Smith, A.M., E.M. ; 
with an Appendix on the Bessemer Pro- 
cess in the United States, by the transla- 
tor. Illustrated by lithographed drawings 
and wood-outs. 8vo, cloth, . . . . 3 50 

BARBA. The Use of Steel in Construction. 
Methods of Working, Applyiug,'and Test- 
ing Plates and Bars. By J. Barba. Trans- 
lated from the French, with a Preface by 
A. L. Holley, P.B. Illustrated. l2mo, cloth, 1 50 

BELL. Chemical Phenomena of Iron 
Smelting. An Experimental and Practi- 
cal Examination of the Circumstances 
which Determine the Capacity of the Blast 
Furnace, the Temperature of the Air, and 
the Proper Condition of the Materials to 
be operated upon. By I. Lowthian Bell. 
> 8vo, cloth, . . . 6 00 
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WARD. Steam for the Million. A Popular 
Treatise on Steam and its Application to 
the Useful Arts, especially to Navigation. 
By J. H. Ward, Commander U. S. Navy. 
8vo, cloth, . . . . . $1 00 

CLARK. A Manual of Rules, Tables and 
Data for Mechanical Engineers. 
Based on the most recent investigations. 
By Dan. Kinnear Clark. Illustrated with 
numerous diagrams. 1012 pages. 8vo. 
Cloth, $7 50; half morocco, . . . .10 00 

JOYNSON. The Metals Used in Construc- 
tion : Iron, Steel, Bessemer Metals, etc, 
By F. H. Joynson. Illustrated. 12mo, 
cloth, 75 

OODD. Dictionary of Manufactures, Min- 
ing, Machinery, and the Industrial 
Arts. By George Dodd. 12mo, cloth, 1 50 

VONCOTTA. Treatise on Ore Deposits. By 
Bernhard Von Cotta, Freiburg, Saxony. 
Translated from the second German ed., 
by Frederick Prime, Jr., and revised by 
the author. With numerous illustrations. 
8vo, cloth, .... ... 4 00 

PLATTNER. Manual of Qualitative and 
Quantitative Analysis with the Blow- 
Pipe. From the last German edition. Re- 
vised and enlarged. By Prof. Th. Richter, 
o the Royal Saxon Mining Academy. 
Translated by Professor H. B. Cornwall. 
With eighty-seven wood-cuts and lithogra- 
phic plate. Third edition, revised. 568 pp. 
8vo, cloth, ........ 5 00 

PLYMPTOK. The Blow-Pipe : A Guide to its 
Use in the Determination of Salts and 
Minerals. Compiled from various sources, 
by George W. Plympton, C. E., A. M., Pro- / 
fessor of Physical Science in the Polytech- 
nic Institute, Brooklyn, N. Y. 12mo, cloth, 1 50 
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JANNETTAZ. A Guide to the Determination (, 
of Rocks ; being an Introduction to Lith- 
ology. By Ed ward Jan nettaz, Docteu r des 
Sciences. Translated from the French by 
G. W. Plyiuptou, Professor of Physical 
Science at Brooklyn Polytechnic Institute. 
12mo, cloth, $1 50 

MOTT. A Practical Treatise on Chemistry 
(Qualitative and Quantitative Analysis), 
Stoichioinetry, Blowpipe Analysis, Min- 
eralogy, Assaying, Pharmaceutical Prepa- 
rations Human Secretions, Specitic Gravi- 
ties, Weights and Measures, etc., etc., etc. 
By Henry A. Mott, Jr., E. M., Ph. D. 650 pp. 
8vo, cloth, '6 00 

PYNCHON. Introduction to Chemical Phy- 
sics ; Designed for the Use of Academies, 
Colleges, and High Schools. Illustrated 
-with numerous engravings, and containing 
copious experiments, with directions for 
preparing them. By Thomas Rugbies Pyu- 
ohon, D. I)., M. A., President of Trinity Col- 
lege, Hartford. New edition, revised and 
enlarged. Crown 8vo, cloth, . 3 00 

PRESCOTT. Chemical Examination of Alco- 
holic JjIquoks. A Manual of the Constit- 
uents of the Distilled Spirits and Ferment- 
od Liquors of Commerce, and their Quali- 
tative and Quantitative Determinations. 
By Alb. B. Prescott, Prof, of Chemistry, 
University of Michigan. 12mo, cloth, . 1 50 

ELIOT AND STORER. A Compendious Manual 
of Qualitative Chemical Analysis. By 
Charles W. Eliot and Frank H. Storer. Re- 
vised, with the co-operation of the Authors, 
by William Ripley Nichols, Professor of 
Chemistry in the Massachusetts Institute 
of Technology. New edition, revised. Il- 
lustrated. 12mo, cloth, • . • . 1 60 
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NAQUET. Legal Chemistry. A Guide to the 
Detection of Poisons, Falsification of Writ- 
ings, Adulteration of Alimeutary and Phar- 
maceutical Substances ; Analysis of Ashes, 
and Examination of Hair, Coins, Fire-arms 
and Stains, as Applied to Chemical Juris- 
prudence. For the Use of Chemists, Phy- 
sicians, Lawyers, Pharmacists, and Ex- 
perts. Translated, with additions, includ- 
ing a List of Books and Memoirs on Toxi- 
cology, eto., from the French of A. Naquet, 
by J. P. Battershall, Ph. D. ; with a Preface 
by C. F. Chandler, Ph. D., M. D., LL. D. 
Illustrated. l2mo, cloth, . . . . $2 00 

PRESCOTT. Outlines of Proximate Organic 
Analysis for the Identification, Separa- 
tion, and Quantitative Determination of 
the more commonly, occurring Organic 
Compounds. By Albert B. Prescott, Pro- ^ 
feasor of Chemistry, University of Michi- 
gan. 12mo, cloth, . . 1 75 

DOUGLAS AND PRESCOTT. Qualitative Chem- 
ical Analysis. A Guide in the Practical 
Study of Chemistry, and in the work of 
Analysis. By S. H. Douglas and A. B. 
Prescott; Professors in the University of 
Michigan. Second edition, revised. 8vo, 
cloth, 3 50 

RAMMELSBERG. Guide TO A COURSE of 
Quantitative Chemical Analysis, Espe- 
i cially of Minerals and Furnace Pko- 
1 ducts. Illustrated by Examples. By C. 
F. Rammelsberg. Translated by J. Tow- 
i ler, M. D. 8vo, cloth, 2 25 

BEILSTEIN. An Introduction to Qualitative 
Chemical Analysis. By F. Beilstein. 
Third edition. Translated by I. J. Osbun. 
l2mo. cloth 75 

POPE. A Hand-book for Electricians and Oper- 
ators. By Frank L. Pope. Ninth edition. 
Revised and enlarged, and fully illustrat- 

1 ed. 8vo, cloth 2 00 
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SABINE. History and Progress of the Elec- 
tric Telegraph, with Descriptions of 
some of the Apparatus. By Robert Sabine, 
C. E. Second edition. 12mo, cloth, . . $1 25 

DAVIS AND RAE. Hand Book of Electrical 
Diagrams and Connections. By Charles 
H. Davis and Frank B. Rae. Illustrated 
with 32 full-page illustrations. Second edi- 
tion. Oblong 8vo, cloth extra, . . .2 00 

HASKINS. The Galvanometer, and its Uses. 
A Manual for Electricians and Students. 
By C. H. Haskins. Illustrated. Pocket 
form, morocco, ....... 1 60 

LARRABEE. Cipher and Secret Letter and 
Telegrapaic Code, with Hogg's Improve- 
ments. By C. S. Larrabee. 18mo, flexi- 
ble cloth, 1 00 

GiLLMORE Practical Treatise on Limes, 
Hydraulic Cement, and Mortars. By 

S. A. Gillmore, Lt.-Col. U. S. Engineers, 
revet Major-General U. S. Army. Fifth 
edition, revised and enlarged. 8vo, cloth, 4 00 

GILLMORE. Coignet Beton and other Artifi- 
cial Stone. By Q. A. Gillmore, Lt. Col. 
U. 8. Engineers, Brevet Major-General TJ. 
S. Army. Nine plates, views, etc 8vo, 
cloth 2 50 

GILLMORE. A Practical Treatise on the 
Construction of Roads, Streets, and 
Pavements. By Q. A. Gillmore, Lt.-Col. 
U. 8. Engineers, Brevet Major-General U. 
S. Army. Seventy illustrations. I2nio,olo., 2 00 

GILLMORE . Report on Strength of the Build- 
ing Stones in the United States, etc. 
8vo, cloth 1 00 

HOLLEY. American and European Railway 
Practice, in the Economical Generation 
of Steam. By Alexander L. Holley. B. P. 
With 77 lithographed plates. Folio, cloth, 12 00 
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i 

HAMILTOI. tTSBFUL INFORMATION FOR RAIL- , 

way Men. Compiled by W. Q. Hamilton, 
Engineer. Seventh edition, revised and en- 
larged. 577 pages. Pocket form, morocco, 
gilt , . $2 00 

STUART. The Civil and Military Engineers 
of America. By General Charles B. 
Stuart, Author of " Naval Dry Docks of i 
the United States," etc., etc. With nine i 
finely-executed Portraits on steel, of emi- I 
sent Engineers, and illustrated by En- ! 
gravings of some of the most important ' 
and original works constructed in Ameri- 
ca. 8vo, doth, 5 00 

ERHST. A Manual of Practical Military 
Engineering. Prepared for the useof the 
Cadets of the U. 8. Military Academy, 
and for Engineer Troops. By Capt. O. ft. 
Ernst. Corps of Engineers, Instructor in 
Practical Military Engineering, U. 8. 
Military Academy. 193 wood-outs and 3 
lithographed plates. i2mo, cloth, . 5 00 

MM MS. A Treatise on the Principles and 
Practice of Levelling, showing its ap- 
plication to purposes of Railway Engineer- 
ing and the Construction of Roads, etc. 
By Frederick W. Simms, C. E. From the 
fifth London edition, revised and correct- 
ed, with the addition of Mr. Law's Prac- 
tical Examples for Setting-out Railway 
Curves. Illustrated with three lithograph- 
ic plates, and numerous wood-cuts. 8vo, 
cloth 2 50 

JEFFERS. Nautical Surveying. By William 
N. Jeffers, Captain TJ. S. Navy. Illustrat- 
ed with 9 copperplates, and 31 wood-cut 
illustrations. 8vo, cloth, . . . 5 00 

THEPLAHE TABLE. Its Uses in Topographs r 
cal Surveying. From the papers of the 
U. 8. Coast Survey. 8vo, cloth, 2 00 
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D. VAN NOSTRAND'S PUBLICATIONS. 

A TEXT-BOOK ON SURVEYING, Projections, 
and Portable Instruments, for the use 
of the Cadet Midshipmen, at the U. 8. 
Naval Aoademy. 9 lithographed plates, 
and several wood-cute. 8 vo, cloth, . $2 00 

CHAUVENET. New Method of Correcting 
Lunar Distances. By Wm. Chauvenet, 
LL.D. 8vo, cloth, 2 00 

BURT. Key to the Solar Compass, and Sur- 
veyor's Companion; comprising all the 
Roles necessary for use in the field. By 
W. A. Burt, U. 8. Deputy Surveyor. Sec- 
ond edition. Pocket-book form, tuck, 2 50 

HOWARD. Earthwork Mensuration on the 
Basis of the PrismOidal Formula. 
Containing simple and labor-saving meth- 
od of obtaining Prismoidai Contents direct- 
ly from End Areas. Illustrated by Exam- 
ples, and accompanied by Plain Rules for 
Sraotical uses. By Conway R. Howard, 
Ivil Engineer, Richmond, Va. Illustrat- 
ed. 8vo, cloth, ...... 1 50 

MORRIS. East Rules for the Measurement 
of Earthworks, by means of the Pr4s- 
moidal Formula. By Elwood Morris, 
Civil Engineer. 78 illustrations. 8vo, cloth, 1 50 

CLEVENGER. A Treatise on the Method of 
Government Surveying, as prescribed 
by the U. S. Congress and Commissioner of 
the General Land Office. With complete 
Mathematical, Astronomical, and Practi- 
cal Instructions for the use of the TJ. 8. 
Surveyors in the Field. By S. V. eleven- 
ger, TJ. 8. Deputy Surveyor. Illustrated. 
Pocket form, morocco, gilt, . 2 50 

HEWSON. Principles and Practice of Em- 
banking Lands from River Floods, as 
applied to the Levees of the Mississipi. 
By William Hewson, Civil Engineer. 8vo, 

cloth, 2 00 
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MINIFIE. A Text-Book of Geometrical 
Drawing, for the use of Mechanics and 
Schools. With Illustrations for Drawing 
Plans, Elevations of Buildings and Ma- 
chinery. With over 200 diagrams on steel. 

. By William Minffle, Architect. Ninth edi- 
tion. Royal 8vo, cloth $4 00 

MINIFIE. Geometrical Drawing. Abridged 
from the octavo edition, for the use of 
Schools. Illustrated with 48 steel plates. 
New edition, enlarged. 12mo, cloth, 2 00 

FREE HAND DRAWING. A Guide to Ornamen- 
tal, Figure, and Landscape Drawing. By 
an Art Student. Profusely illustrated. 
l8mo, boards, ... 50 

AXON. The Mechanic's Friend. A Collec- 
tion of Receipts and Practical Suggestions, 
relating to Aquaria— Bronzing— Cements 
—Drawing — Dyes— Electricity— Gilding— 
Glass-working— Glues — Horology — Lac- 
quers—Locomotives —Magnetism — Metal- 
working— Modelling — Photography— Py- 
rotechny— Railways— Solders— Steam - En- 
gine—Telegraphy— Taxidermy— Varnishes 
— Waterprooflng-and Miscellaneous Tools, 
Instruments, Machines, and Processes 
connected with the Chemical and Mechan- 
ical Arts. By William E. Axon, M.R.S.L. 
12mo, cloth. 300 illustrations, . 1 50 

HARRISON. Mechanics' Tool Book, with 
Practical Rules and Suggestions, for the 
use of Machinists, Iron Workers, and oth- 
ers. By W. B. Harrison. 44 illustrations. 
12ULO, cloth 1 50 

J0YNS0N. The Mechanic's and Student's 
Guide in the designing and Construction 
of General Machine Gearing. Edited by 
Francis H. Joynson. With 18 folded 
plates. 8vo, cloth . • . 2 00 
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RAHDALL. Quartz Operator's Hand-Book. 
By P. M. Randall. New Edition. Revised 
and Enlarged. Folly illustrated. 12mo, 
cloth . . $2 00 

SILVERSMITH. A Practical Hand-Book for 

Miners, Metallurgists, and ABsayers. 
By Julius Silversmith. Fourth Edition. 
Illustrated. 12mo, cloth, . 3 00 

BARNES. Submarine Warfare, Defensive 
and Offensive. Descriptions of the va- 
rious forms of Torpedoes, Submarine Bat- 
teries and Torpedo Boats actually used in 
War. Methods of Ignition by Machinery, 
Contact Fuzes, and Electricity, and a full 
account of experiments made to deter- 
mine the Explosive Force of Gunpowder 
under Water. Also a discussion of the Of- 
fensive Torpedo system; its effect upon 
) Iron-clad Ship systems, and influence upon 
future Naval Wars. By Lieut.-Com. John 
8. Barnes, U. S. N. With 20 lithographic 
plates and many wood-cuts. 8vo, cloth, ' 5 00 

FOSTER. Submarine Blasting, in Boston 
Harbor, Mass. Removal of Tower 
and Oorwin Rooks. By John G. Foster, 
U. S. Eng. and Bvt. Major General U. S. 
Army. With seven Plates. 4to, cloth, 3 50 

MOWBRAY. Tri-Nitro-Glycerlne, as ap- 
plied in the Hoosao Tunnel, and to Sub- 
marine Blasting, Torpedoes, Quarrying, 
etc. Illustrated. 8vo, cloth, ... 3 00 

WILLIAMSON. On the Use of the Barome- 
ter on Surveys and Reconnaissances. 
Part I.-Meteorologv in its Connection with 
Hypsometry. Pari II.— -Barometric Hyp- 
sometry. ByR. S. Williamson, Bvt Lt.- 
Col. U.S.A., Major Corps of Engineers. 
With illustrative tables and engravings. 

Ato, cloth, 15 00 
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WILLIAMSON. Practical Tables in Mete 
orologt and Hypsometry, in connection 
with the rise of the Barometer By Col. R. 
8. Williamson, U. 8. A. 4to, flexible cloth, $2 50 

BUTLER. Projectiles and Rifled Cannon 
A Critical Discussion of the Principal Sys 
terns of Rifling and Projectiles, with Prac- 
tical Suggestions for their Improvement. 
By Cap t. John 8. Butler, Ordnanoe Corps, 
U. S. A. 36 Plates. 4to, cloth, . . . 7 50 



BENET. Electro-Ballistic Machines, and 
the Schultz Chronoscope. By lit. -Col 8. 
V. Benet. Chief of Ordnanoe U. 8. A. 
Second edition, illustrated/ 4to, cloth, . 3 00 

• 

MICHAELIS. The Le Boulenge Chrono- 
graph. With three lithographed folding 
plates of illustrations. By Bvt. Captian 
O. E. Miohaelis, Ordnance Corpse, U. S. A. 
4to, cloth, 3 00 

NUGENT. Tteatibe on Optics; or Light and 
Sight, theoretically and practically treat- 
ed : with the application to Fine Art and 
Industrial Pursuits. By E. Nugent. With 
103 illustrations. 12mo, cloth, . 1 50 

PEIRCE. System of Analytic Mechanics. 3*y 
Benjamin Peiroe, Professor of Astronomy 
and Mathematics in Harvard University. 
4to. cloth, 10 00 

CRAIG. Weights and Measures. An Account 
of the Decimal System, with Tables of Con- 
t version for Commercial and Scientific 

I Uses. By B. F. Craig, M. D. Square 32mo, 

limp cloth, ....... 50 

ALEXANDER. Universal Dictionary of 
Weights and Measures, Ancient and 
Modern, reduced to the standards of the 
United States of America. By J. EL Alex- 
ander. New edition. 8vo, cloth, . . 3 50 
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ELLIOT. European Light-House Systems. 
Being a Report of a Tour of Inspection 
made in 1878. By Major George H? Elliot, 
U. S. Engineers. 51 engravings and 21 
wood-outs. 8vo, cloth, $6 00 

SWEET. Special Report on Coal. ByS. H. 

Sweet. With Maps. 8vo, cloth, . . 3 00 

COLBURN. Gas Works of London. ByZerah 

Golburn. 12mo, hoards, .... 60 

WALKER. Notes on Screw Propulsion, its 
Riseand History. By Capt. W. H. Walker, 
U. S. Navy. 8vo, cloth 75 

POOK. Method of Preparing the Lines and 
Draughtino vesbels Propelled by Sail 
or steam, including a Chapter on Laying- 
offon the Mould-loft Floor. By Samuel 
M. Pook, Naval Constructor. Illustrated. 
8vo, cloth. ....... 5 00 

SAELTZER. Treatise on Acoustics in connec- 
tion with Ventilation. By Alexander 
Saeltzer. 12mo, cloth, 2 00 

EASLIE A Hand-book for the Use of Con- 
tactors, Builders, Architects, Engineers, 
Timber Merchants, etc., with information 
for drawing up Designs and Estimates. 
250 illustrations. 8vo, cloth, . 1 50 

SCHUMANN. A Manual of Heating and Ven- 
tilation in its Practical Application 
for the use of Engineers and Architects, 
embracing a series of Tables and Formula) 
for dimensions of heating, flow and return 
Pipes for steam and hot water boilers, flues, 
etc . eta By F Schumann. C. E.. U. 8» 
Treasury Department, 12mo. Illustrated 
Inwea* 

TONER. Dictionary of Elevations and 
Climatic Register of the United States. 
By J. M. Toner, M. D. 8vo. Paper, $3.00; 
oloth. ... . 375 
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9 

WANKLYN. Milk Analysis. A Practical 
Treatise on the Examination of Milk, and 
its Derivatives, Cream, Butter, and 
Cheese. By J. Alfred Wanklyn, M.R.C. 
S. 12mo, cloth, . . . . $1 00 

RICE & JOHNSON. On A New Method of Ob- 
taining the Differentials of Func- 
tions, with especial reference to the New- 
tonian Conception of Rates or Velocities. 
By J. Minot Rice, Prof, of Mathematics, U. 
S. Navy, and W. Woolsey Johnson, Prof, of 
Mathemathics, St. John's College, Annap- 
olis. 12uio, paper. .... 50 

COFFIN. Navigation and Nautical As- 
tronomy. Prepared for the use of the U. 
8. Naval Academy. By J. H. C. Coffin. 
Professor of Astronomy, Navigation and 
Surveying ; with 52 wood-cut illustrations. 
Fifth edition. 12mo, cloth. 3 50 

CLARK. Theoretical Navigation and Nau- 
tical Astronomy. By Lewis Clark, 
Ldeut.-Commander, U. S Navy. Illustra- 
ted with 41 wood-cuts, including the Ver- 
nier. 8vo. cloth, 3 00 

ROGERS. The Geology of Pennsylvania. 
By Henry Darwin Rogers, late State Ge- 
ologist of Pennsylvania. 3 vols. Atp, with 
Portfolio of Maps. Cloth, . T . . 30 00 



IN PREPARATION. 

WEISBACH. Mechanics of Engineering, Applied 
Mechanics; containing Arches. Bridges, Foun 
dations, Hydraulics, Steam Engine, and other 
Prime Movers, Ac., &e> Translated from the 
latest German Edition 2 vols., 8vo. 
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VAN NOSTRAND'S 

ENGINEERING MAGAZINE. 

Laegk 8vo, Monthly 

Terms, $6.00 per annum, in advanoe. 

Single Copies, 50 Gents . 



First Number was issued January i, 1869. 

TAN NOSTRAND'S MAGAZINE consists of Articles, 
Original and Selected, as also Matter condensed from all the 
Bnginecring Serial Publications of Europe and America. 

NINETEEN VOLUMES NOW COMPLETE. 

Notice to New Subscribers. — Persons commencing theit 
subscriptions with the Twentieth Volume (January, 1878), and 
who are desirous of possessing the work from its commence* 
ment, will be supplied with Volumes I to XIX, inclusive, 
neatly bound in cloth, for $50 00 Half morocco, $78 00 Sent 
free by mail or express on receipt of price. 

Notice to Clubs. — An extra copy will be supplied, gratis, 
to every Club of five subscribers, at £5.00 each, sent in one re- 
mittance. 

This magazin* is made up of copious reprints from the lead- 
ing scientific periodicals of Europe, together with original arti- 
cles. It is extremely well edited and cannot fail to prove a 
valuable adjunct inpromoting the engineering skill of this coun- 
try.— XTew York World. 

No person intererested in any of the various branches of the 
engineering profession can afford to be without this magazine. — 
Telegrapher. 

The most useful engineering periodical extant, at least for 
American readers. — CMmiealNew*. 

As an abstract and condensation of current engineering lite- 
rature this magazine will be of great value, and as it is the first 
enterprise of the kind in this country, it ought to have the cor- 
dial support of the engineering profession and all interested in 
mechanical or scientific progress.— Iron Age. 
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